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Introduction
Mosquitoes. have been. pests, as long as. they have. been, on. the. earth but it-was, not.
until the 1880’.s when.humans .became .aware .that .mosquitoes could also .spread disease.

The world’s people began to try to prevent disease by controlling mosquitoes upon Walter
Reed’s discovery in 1900 that mosquitoes, specifically Aedes aegypti, spread yellow
fever.

One of the most effective ways to prevent viruses spread by mosquitoes, called
arboviruses, is to eliminate stagnant water, which mostly all mosquitoes need in order to

reproduce. Because more than 35% of Connecticut’s population resides within 50 miles
of the shoreline, the salt marshes are important areas to target in getting rid of stagnant
water and eliminating mosquito breeding. (U.S. Environmental Protection Agency [EPA]

2001)
Connecticut!s Mosquito. Management. Program-is. part of.the. Wetland,Habitat. ands.

.Mosquito .Management. (qqAMM) Program ofthe Departmem of Environmental
Protection’s (DEP) Wildlife Division. Since 1986, the State of Connecticut, first through

the Department of Health and then through DEP, has practiced a method to control the
breeding of salt marsh mosquitoes (Ochlerotatus sollicitans and Ochlerotatus cantator),
known as Open Marsh Water Management (OMWM). The objectives of the program are
to: 1) Control salt marsh mosquitoes, 2) Eliminate the need for redraining the marshes,

3) Lessen the need to use insecticides for controlling mosquito breeding and, 4) Restore
severely altered salt marsh habitats (Capotosto 1987). The major objective is to eliminate
mosquito breeding without adversely affecting, or better still, by improving the marshes

for fish and other wildlife. The methods include creating ponds, reservoir ditches,

connector ditches, and cleaning out selective tidal ditches to lessen stagnant water and to
create an environment suitable for fish to eat mosquito larvae (Capotosto 1987). In the

spring of 2001, the Waterford Town Beach in Waterford, Connecticut was selected as an
OMWM project site. Although studies have been done in other states, a follow-up study
has never been done on an OMWM site in Connecticut. This thesis describes a 2-year

follow-up of the Waterford Town Beach project to understand if the methods accomplish
the goals set out above.

Background
DEP’s. WHAMM ,Program. employs-an.integrated.approach to pest management to
control mosquitoes.and.to.restore degraded wetlands. Their wetland restoration projects

include using. OMWM.

OMWM was developed to control mosquitoes by introducing natural predators to
areas on the salt marsh where mosquitoes breed. By working to modify, old grid-ditching

systems that were installed in the early part of the 1900’s, OMWM allows small fish that
eat mosquito larvae to move into mosquito breeding areas. A system of ponds and

pannes connected by radial ditches allows fish to feed on mosquitoes during high tide,
and allows them to retreat to sumps (deeper areas dug in the middle of the ponds) or
reservoirs at low tide. Also, OMWM projects have been found to provide nesting and

feeding areas for migratory birds. The Connecticut DEP’s projects upgrade

approximately 300. acres.of marsh, wetlands, per. year (Rocque. 1998),
Mosquito .control .in Connecticut, as _in othe New England .states, _beg_an

inadvertently with the sowing of crops in the salt marshes during.Colonial times.
Ditches were dug to drain the marshes in order to grow crops. The marshes, considered

wasteland, were then used for growing salt marsh hay (Spartina patens) and corn to feed
livestock. (Rilling and Rozsa 2001) By 1901, with Walter Reed’s discovery and the
additional knowledge that the Anopheles mosquito species transmitted malaria, the

Connecticut Agricultural Experiment Station (CAES) in New Haven began plans for

mosquito control, which included hand-digging grid ditches in order to drain the wetland
marshes (Wallis 1960). The grid ditching involved the installation of a series of trenches

in the marshes to drain the soil, allowing the tides to flow in the trenches instead of

flooding the marshes. These projects occurred along the coastline of Connecticut until

the 1940’s (Wallis 1960). This grid ditching adversely affected the marshes by altering
the natural flooding and drainage, and many groups of fish, shoreline birds, and mammals

decreased in population during that time (Rilling and Rozsa 2001).

Among the objectives of Connecticut’s OMWM projects is to restore the altered
marshes’ habitats, allowing wildlife to re-populate the area. Unlike the ditches installed
in the marshes in the early 1900’s to drain wetlands, OMWM selectively excavates

shallow ponds and ditches in known mosquito-breeding areas. The ponds and ditches are
not directly connected to tidal channels, and they do not drain completely at low tide.

This water level provides a habitat for fish and other wildlife, and encourages the

revegetation of native marsh grasses. Mosquito management is achieved by altering egglaying sites, drying-up some areas completely, and by creating open water for small
killifish (Cyprinodontidae sp.), a type of abundant minnow that preys on mosquito larvae
and pupae. OMWM tends to provide long-term mosquito management (Dale and

Hulsman 1990).
Optimal breeding habitat of salt marsh Oc. sollicitans and Oc. taeniorrhynchus
mosquitoes must not be flooded by more than four high tides per month, which

encompasses the high tides related to the full moon tides that occur every 28 days.
Therefore, most salt marsh mosquito breeding occurs above the mean high tide. For
source reduction to be successful, it must either not allow the higher marsh areas to flood,
or flood more often than wdth just the full moon tides. (Dale and Hulsman 1990). These
are among the intentions of OMWM techniques.

Lifecycle of Mosquitoes
Mosquitoes are classified within the animal kingdom. They are invertebrates (lack
spines), within the largest phylum, arthropoda. They have significant influence in public

health as major vectors of serious diseases. The principle classes of arthropods are the
arachnida (e.g. spiders, ticks, scorpions, etc.), crustacea (e.g. crabs, lobsters, shrimp,

pillbugs, etc.), myriapoda (millipedes and centipedes), and insecta (insects). Mosquitoes
are within the class of insects, the order of diptera, meaning "true flies" (having two

wings), the family of culicidae. They are named by their genera and species, and
sometimes subspecies. For example, Ochlerotatus sollicitans describes its genus

(Ochlerotatus) and species (sollicitans) (Floore 2002).
Mosquitoes have four stages of life: egg, larval, pupal, and adult All mosquitoes
require stagnant water some time during their development. Their reproduction is sexual;

egg laying occurs from the female only after fertilization by a sperm of a male of the
same species. Usually, eggs are laid one-at-a-time upon the water surface, but there are

exceptions. The Culex sp. and Culiseta sp. mosquitoes will lay their eggs in raft-like

groups. Ochlerotatus sp. females will lay eggs in mud or along the high water line that
will be flooded by tidal water or heavy rains. The egg stage lasts approximately two

days. It is estimated that only 5% of mosquito eggs mature to adults, due to predators or
changes in the aquatic environment that do not support the life of the mosquito (Floore

After the egg stage, the mosquitoes grow into larvae. These are described as
"wrigglers" and appear to be worm-like creatures in water, suspended vertically with their

breathing tubes, or siphons, attached to the surface of the water in order for them to

breathe. Anopheles sp. do not have siphons, instead laying parallel with the water surface
and breathing through abdominal plates. Most larvae are filter feeders, and ingest

organic matter and microorganisms that are smaller than 10 microns. During the larval
period there are four molting stages, called instars, during which the larvae do not change

form. This period lasts from 5-14 days depending upon the species and the temperature
of the water (Dame and Fasulo 2000).
The next stage of development is the pupal stage. The pupae do not eat, but

simply rest and float on the water surface while their bodies rearrange themselves, with
their wings and legs developing. This stage usually lasts 1-4 days (2 days on average),

upon which the pupae’s skins split and the mosquitoes emerge as adults (Dame and
Fasulo 2000).

The adult mosquito will rest on the water surface for a short time to allow its body
to harden and its wings to spread out (Floore 2002).

Initially, the adults are hungry, and both genders look for trees and plants for
nectar and sap for a meal. The males will remain in the shade of the trees and plants,

sucking nectar and plant secretions for food. They do not have piercing mouthparts, and
are incapable of ’biting’. After mating, the females begin to look for a blood meal that

they need in order to lay their eggs. Most mosquitoes will lay their eggs within the same
area from which they hatched. Some will fly up to 50 miles for a blood meal, depending

upon the species and the weather. Females will live up to one month after laying their

eggs. Most Connecticut mosquitoes live approximately two weeks (Rocque 1998).

Most mosquitoes need to keep their wings moist, and therefore, will not be active
during the heat of the day. Dusk until dawn is their active period. Salt marsh mosquitoes

are unusual in the fact that they are heartier, and are able to keep their wings moist, during
the day, and in direct sunlight (Floore 2002).

Depending upon the water temperature and the species, it will take between 5

days to more than a month for mosquitoes to complete their development into adulthood.

Hot, humid days are the most advantageous for a mosquito to transform from egg to
adult. Some mosquito species will have multiple hatches, while others will have only one

period of hatching each year. Others continuously have hatchings as long as the
temperature of the water is above 40F. Also varying with the species, mosquitoes will
overwinter as eggs (as in the Ochlerotatus sp. and Psorophora sp. mosquitoes), larvae

(Culiseta sp. and Coquillettidia sp.), pupae or as just-about-to-emerge engorged female
adults (Anopheles sp. and Culex sp.) (Floore 2002).

Species of Mosquitoes
There are more than 3000 species of mosquitoes, most of which do not bite

humans (Dame and Fasulo 2000). In the United States, there are 167 known mosquito
species (Dame and Fasulo 2000). In Connecticut, there are 48 known species, and only
12 are pests to humans and livestock. (Andreadis, 2002)
Of mosquito genera, A edes, Anopheles, Ochlerotatus, and Culex are amongst the
most important in epidemiology, especially in the United States (Dame and Fasulo 2000).

Because this thesis primarily concentrates on the species of mosquitoes that commonly
breed in Connecticut’s salt marshes, this section will be limited to the description of those
species (Ochlerotatus). NOTE: In 2000, it was discovered that some Aedes sp.
mosquitoes did not fit the characteristics of the Aedes genus. Therefore, many

mosquitoes previously identified in the A edes genus were redefined to the Ochlerotatus

genus. Three such reclassified mosquitoes were Connecticut’s salt marsh mosquito
species. These species are Aedes sollicitans, now Ochlerotatus sollicitans, Ae. cantator,
now Oc. cantator and Ae. taeniorhynchus, now Oc. taeniorhynchus.

Ochlerotatus sp. mosquitoes lay their eggs in single form on dried surfaces and

mud that are subject to flooding. Their breeding areas may be woodland pools, deep tire
rots, artificial containers, e.g. cans and tires, and in the case of salt marshes, shallow

pannes or depressions in the high marsh. The eggs develop into larvae only atter the eggs
have been covered with water. In addition, enough water must remain in the breeding
area for the larvae to develop through four instar stages and a pupal stage before

complete metamorphosis into adulthood can occur. In the summer months, this cycle

averages 4-7 days (Floore 2002).
The salt meadow zone of the marsh is designated by stands of salt marsh hay

(Spartina patens), salt grass (Distichilis spicata) and blackgrass (Juncus gerardii), it is

frequently inundated, providing sites for mosquito breeding, and provides poor habitat for

predatory fish. Breeding depressions on the marsh often flood due to rainfall or monthly
high tides, and quickly dry-up, excluding predatory fish and killing those fish that may
have swum in with the tide. Such breeding sites thus have the potential for producing

large swarms of Oc. soHicitans, Oc. cantator and Oc. taeniorhynchus (Boyes 1998).

Oc. sollicitans larvae occur mostly in coastal salt marshes, although they have
been found in brackish, or a mixture of flesh and salt water, and swamps, particularly in
oil fields. Adults are strong fliers and seek large numbers of human populations many

miles inland from their breeding sites. Occasionally they are found up to 100 miles from

their birthplace, but flying 40 miles in order to get a blood meal is not unusual. Females

are persistent biters and attack any time of the day or night. Oc. soHicitans is a vector of

Eastern Equine Encephalomyelitis (EEE) in eastern seaboard states. This mosquito
species has been found in 36 states and four provinces of Canada. It is the most abundam

and pestiferous mosquito along the Connecticut coast (Andreadis, et al. 1998).

Oc. cantator mosquito larvae are found in coastal marshes including fresh and salt
water. They actually prefer fresh water to salt water. In the salt marshes, these pests like
to lay their eggs in the fi’eshwater pools tbrmed by rain and drainage t?om the upland

marsh. Oc. cantator mosquitoes tend to be the dominant species in the salt marsh during
the spring and early fall, with lesser numbers in the summer months. They usually bite in

the evening, but may bite during the day if their resting places are invaded. Like its
relative Oc. sollicitans, the adults are capable of long flights for a blood meal. This

species is found in 13 eastern states and six Canadian provinces. (Andreadis, et al. 2000).

Oc. taeniorhynchus has habitats and activities that are similar to Oc. sollicitans.

Its hardiness to cooler weather conditions is not as strong as the Oc. sollicitans, and it
will usually not be seen ftuher north than Rhode Island. They breed most abundantly

during the hot summer months (Floore 2002).

Oc. cantator and Oc. taeniorhynchus, as with Oc. sollicitans, are vectors of EEE
(Dame and Fasulo 2000).
Disease Transmission

Mosquitoes carry more than 265 viruses. Of those, 109 have been defined as

being dangerous to humans (Strickland, ed. 1991).

In all mosquito bites, a female mosquitoes’ proboscis pierces the skin for a blood
meal, her injected saliva acts as an anticoagulant, thinning the blood in order for it to be
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easier for her to suck it into her gut. The saliva causes the itchy welt left behind after her
bite (Strickland, ed. 1991). Mosquitoes transmit disease by biting an infected host, and

receiving the virus in the blood from the host. When a disease-carrying female mosquito
bites another host, she will inject her infectious saliva, thereby spreading disease

(Strickland, ed. 1991). Different species of mosquitoes have varying gut linings, and
therefore only certain species are able to spread certain viruses (Andreadis 2001).
There were no isolations ofthe EEE virus tbund in Connecticut mosquitoes

during 2002. A total of 167,008 mosquitoes were tested at the CAES. One hundred

(100) mosquito traps were set, including one set on the Waterfordew London town
line, 0.98 miles from Sites # 1-3, 1.1 miles from site #4, and 2.1 miles from Site #5.

Mosquitoes tested from that trap had negative results for the eight viruses that the CAES
tests for: West Nile, EEE, St. Louis Encephalomyelitis, Jamestown Canyon, Cache

Valley, Highlands J, and LaCrosse (Anderson, dtr. 2002).
Of the diseases that are transmitted by mosquitoes, this paper will target EEE, as
salt marsh mosquitoes are a major part of its transmission cycle.

EEE is subclassified as a Group A alphavirus, and is one of the most common
arboviruses in this country. In 1998 (the latest data available), there were 10 cases of

EEE in the United States (Peterson and Roehrig 2001). Its transmission is maintained in
nature by a bird-to-mosquito-to-bird cycle. Infected birds migrating back into northern
states reintroduce the EEE vires each year (Dame and Fasulo 2000). The virus has been

found in mosquitoes and birds all along the East Coast states and the Gulf of Mexico. It
has been isolated in states as far west as California (Nasci and Moore 1998).

I1

The epidemiological cycle of EEE involves mosquitoes biting infected birds in

the spring; the Culiseta melanura is a main element of the transmission cycle._Passerine
birds are most often reservoirs or carriers of the disease from year to year. They nest in

freshwater swamps, where Cs. melanura often breed (Dame and Fasulo 2000). Cs.
melanura mosquitoes rarely bite humans, and prefer to bite migratory songbirds, such as

tufted titmouse, towhee, song sparrows, and catbirds, which are often the carriers of the
virus. When this bird-to-mosquito-to-bird cycle builds-up to a strong viral load, other

mosquitoes, those that will also bite mammals along with birds, will become infected
with the virus (Andreadis 1993). Cs. inornata, Culex quinquefasciatus, Ae. albopictus,

Ae. vexans, Oc. itrmatus, Oc. altanticus, Coquillettidia perterbans, and Oc. sollicitans
are important transmitters of the EEE virus from birds to humans and other animals. In
Connecticut, Oc. sollicitans is an important component of the transmission cycle to

humans, as it prefers to bite people and will also bite birds (Andreadis 1993). Humans
and other animals become "dead-end’ hosts of the virus, as the virtts will infect them, but
is no longer transmitted beyond them. Humans are not required for the survival of the

vires in nature. Crans, et al. found that the EEE virus is most rapidly spread when there is
a large population of Cs. melanura and Oc. sollicitans (Crans, et al. 1986).

Cases of EEE usually occur during the late summer or early fall. Although EEE

can infect anyone, young children (under the age of 7 years) are especially vulnerable.
There are 10-20 cases of EEE per year in the United States, and there is usually a local
geographical focus of human cases occurs (Andreadis 1993). Symptoms begin 5-10 days

after being bitten by the infected mosquito, and include flu-like signs, fever, headache,

vomiting, stiff neck, and drowsiness. Serious cases may lead to confusion, stupor,
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paralysis, or coma, and possible death. Mortality rates range from 30-50%. Survivors
will often have long-term neurological damage, such as the inability to speak, seizures,

unsteady gait, and mental retardation, especially in children. If fatal, death usually occurs
within 2-3 days after the onset of symptoms (Craven 1984).
Vaccines are available for horses. No vaccines are available for humans. EEE is

more prevalent in horses and domesticated exotic birds than humans, and is more often

fatal in horses and susceptible birds than in humans. Red-winged blackbirds, house

sparrows, whooping cranes, and pheasants are ’dead-end’ hosts for the virus, and have
high fatality rates (Dame and Fasulo 2000). Although there has never been a documented
human case of EEE in Connecticut, much of the state’s salt marsh mosquito program has
been based upon the prevention of EEE. Epizootics or epidemics of EEE within the
animal kingdom have occurred in the state since 1928. Hundreds of horses and pheasants
have died in Connecticut due to EEE (Andreadis 1993).

EEE tends to be seen in 7-10 year intervals, with 2-year durations. The reason for
this is not known (Andreadis 1993). Most of the fatalities have been to horses and ring-

tailed pheasants, and usually along the Connecticut or Thames River valleys. In

Waterford, a horse succumbed to the virus in 1990, within 3/4 mile of Test Sites # 1-4.

Two emus in Waterford also died from EEE in 1997. They resided 8 miles from the test
sites (Andreadis 2001). Connecticut cases usually coincide with cases in the neighboring
states of Massachusetts and Rhode Island.

Connecticut has a high potential for outbreaks of mosquito-borne viruses,

due to its high percentage of forested land (60%) and its approximate 50,000 acres of

wetlands, including 17,000 acres of salt marshes.
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Control Methods
There are four methods of controlling mosquitoes. Typically, an integrated pest
management (IPM) program includes all four: Source reduction, which includes
sanitation and water management, larvicides, adulticides, and biological control, along
with the practicing personal protection (Dame and Fasulo 2000).

Source Reduction
Source reduction ranges from simple sanitary measures such as overturning
buckets in a yard and the disposing of tires, to complex manipulations of water levels in

marshes. The removal or reduction of mosquito breeding habitat is often the most
effective and economical long-term approach to mosquito control. It minimizes or

eliminates the need for chemical control of mosquitoes, and is best accomplished by

homeowners and residents (Rocque 1998). Educational programs are very important.

..T.s 0f.s.o,ur.c...e. reduction:
a.

Wa.t.er. Management.. This is the removal of surface water from productive

mosquito breeding sites. It reduces the sites at which female mosquitoes can lay their

eggs. These approaches have been used for decades and involve ditching, diking, daily
water management, and the retrofitting of catch basins and storm drains to manage the

aquatic habitat. Some of these techniques can be harmful to the ecology if practiced
without concern for the. long-term consequences of habitat manipulation (Dame and

Fasulo 2000).

In Connecticut, source reduction began in the early 1900’s when the Connecticut
Agricultural Experiment Station (CAES) engaged in a project to drain the state’s salt
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marshes in order to prevent malaria. The project also provided farmers sources of land

on which they could grow corn and hay for their livestock (Rillings and Rozsa 2001).

b. Open Marsh Water Man.agement (OMWM). These projects attempt to connect
the marsh to deep-water habitats (e.g. tidal creeks, ponds, and deep ditches) with shallow

ditches in order to eliminate prime mosquito-producing areas. OMWM also uses ponds

and radial ditches from the ponds to control mosquitoes. Mosquito broods are thus
controlled without pesticide use by providing access fbr larvae-eating fish or, conversely,

by draining the mosquito breeding areas. Altematively, OMWM can also provide
hydrological connections between the marsh and the estuary, enhancing natural

resources, such as waterfowl and fisheries, also to the benefit of mosquito control. The
use of shallow ditching (approximately 3 feet or less in depth) rather than the deep

ditching used in the early 1900’s is considered more environmentally acceptable because
the shallower ditches create fewer um-aatural hydrological impacts upon the marsh (Dale

and Hulsman 1990).
Larviciding

Larviciding is the extermination of immature mosquitoes while they are in the
larval stage of development. Larviciding is more effective and target specific than the use

of chemicals to kill adult mosquitoes, yet less permanent than source reduction.
Larvicides are available in different formulations including some pesticides with a
bacterial base, such as Bacillus thuringiensis israelensis (Bti), insect growth regulators

(IGR) and chitin synthesis inhibitors. Conventional insecticides, several oils and
monomolecular films may also be used to eliminate the larvae. The timing of the
application is very important. Conventional insecticides, for example, kill larvae at all
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stages. Bacterial larvicides must be consumed by the larvae before the 4th instar stage to
ensure that the Bti is ingested. This provides only a 1-2 day window of opportunity for

mosquito control agents to apply this larvicide in order for it to be effective. Bti is
effective because of its toxicity to the gut of the mosquito, it is very species specific, and

only toxic to insects in the Lepidoptera family, including 72 species of mosquitoes (Dame
and Fasulo 2000). It is the larvicide used at the Waterford site. IGR’s mimic an essential
hormone present in high concentrations in early instar larvae but in very low

concentration in 4th instar larvae. An application results in the larvae not maturing to the
next life stage (pupal) (Dame and Fasulo 2000). Chitin synthesis inhibitors affect the

ability of the larvae to reattach their muscles to the exoskeleton during the molting

process and thus are effective throughout the entire larval stage (Dame and Fasulo 2000).
Monomolecular films prevent the insect from remaining at the surface of the water by
reducing surface tension. Under these conditions larvae and pupae deplete their energy
resources by trying to stay at the water surface to get oxygen, and succumb to exhaustion
or asphyxiation. The oils kill larvae and pupae by suffocation, as the insects are not able
to obtain air through their siphons on the oily surface (Dame and Fasulo 2000).

The characteristics of each larvicide include specificity for target mosquito

species, minimizing its impact on non-target organisms, and its ability to penetrate dense
vegetation. Larvicide formulations (i.e. liquid, granular, solid) must be accurately

applied and appropriate to the habitat being treated, and are applied by ground or by
aircraft. Accuracy of application is important, also, as failure to treat even a small portion

of a breeding area can result in the emergence of a large mosquito brood and lead to the

need for immediate broad-scale adulticiding.
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Adulticides

Adulticides are pesticides that kill adult mosquitoes. They are often considered

the least effective mosquito control technique, as it is difficult to target the adult
mosquitoes in flight. During public health emergencies or outbreaks of arboviruses,

adulticiding can be an extremely important part of an IPM approach when used with the
appropriate amount of insecticide. By ground or aerial application, adulticides are often
applied as ultra-low-volume (ULV) sprays from trucks or from aircraft (Rose 2001).

For optimal adult mosquito control, the fine ULV droplets must drift through the
habitat and impinge upon flying mosquitoes. Although it has been criticized due to

impact non-targeted species, it has been found that when applied according to label
directions, these adulticides have minimal effect on non-targeted organisms and provide
important public health benefits (Rose 2001).
Individual homeowners can apply adulticides to vegetation along property

borders, providing temporary relief, usually defined by a few hours. Commercial aerosol

(bug bomb) applications are effective in small spaces. Some pesticides leave residues
that kill mosquitoes when they land on treated surfaces. Residual treatments are not
routinely used in the USA, but are commonly used in other countries.

The negative aspects of using pesticides, both larvicides and adulticides, include

potential toxic effects upon humans and the environment.
Pyrethrins and pyrethroids are most commonly used adulticides in the U.S.

(Agency for Toxic Substances and Disease Registry [ATSDR] 2001.) They are
manmade compounds derived from chrysanthemum plants (Rocque 2000). They are very

species-specific, although high concentrations (above the levels allowed by the

17
Environmental Protection Agency) have been found to be toxic to fish (ATSDR 2001).

The most common side effects of their usage are skin tingling, numbness and burning

that could last for a few hours. In larger exposures, they may cause dizziness, dizziness,

headache, and nausea that might last for several hours. Even larger amounts may cause
muscle twitching and changes in consciousness (ATSDR 2001). There is no proof that

pyrethrins or pyrethroids cause cancer in people or birth defects (ATSDR 2001).
Biological Control

Biological Control is particularly host-specific with virtually no effect on nontarget species. Larvae-eating fish are the most extensively used biologic control agent for

mosquitoes. Larvivorous fish, such as mosquitofish (Gambusia holbrookO and other top
minnows (Poeciliidae sp.) and killifish (Fundus sp.) that occur naturally in many aquatic

habitats, can be collected or propagated and placed in permanent or semi-permanem
water bodies for larval control. Techniques such as OMWM support the use of

predacious fish to control mosquitoes.
Personal Protection
Personal protection is the main goal of public health educational outreach

programs. They include recommendations for avoiding the outdoors from dusk until
dawn which helps to prevent being bitten by a variety of potentially disease-carrying

mosquitoes, the wearing of light-colored clothing that is less attractive to mosquitoes, the

wearing of trousers and long sleeves, and applying repellent (according to the repellent’s
label directions). Goddard illustrated that the benefits of insect repellents containing N,

N-diethyl-3-methylbenzamide (DEET), applied to exposed skin, and permethrin, applied
to clothing, outweighed their drawbacks (Goddard 2002). Repairing screens in homes is
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an important barrier to mosquitoes entering human habitation. Personal practices also
work with source reduction, of practicing good sanitary habits of removing water-holding
containers of any kind around homes.

The most widely used insect repellant in the United States is DEET (Rocque

2001). It is available in an aerosol spray, for application to exposed skin and the outside
of clothing. Its effective compound ranges from 10-35. For use on children, the

compound should be no more than 10%. Its rare side effects include skin rashes, eye
irritations and, very rarely, neurological effects of slurred speech, confusion and seizures

(Rocque 2001). To prevent side effects, DEET should not applied to the face, nor to open
skin areas, and the hands should be washed after application (Rocque 2001).

Among the disadvantages of chemical control, including the use of Bti, in
mosquito control are their short time of effectiveness, and that they are labor intensive.

Both are major concems in applications to salt marshes (Dame and Fasulo 2000).

Open Marsh Water Management
As stated previously, grid ditching has been done along Connecticut’s shoreline
since the early 1900’s. In the 1940’s, the practice became incidental, as labor became

more expensive (Botsford 1942). The use of dichlorodiphenyltrichloroethane (DDT) and

other new organic insecticides became popular. With the overuse of DDT and its studied
effect on the food web, it was banned in Connecticut in 1965 (Elston 1973), and in the
United States in 1973 (ATSDR 2002).

Emphasis on source reduction became a main objective of mosquito control
agents in the 1970’s. The ecosystems of marshes became first priority. Their value in the

food web and in wildlife productivity, as habitats of endangered species, as producers of
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nutrients and purifiers of water, and their abilities to modify damage from storms became

recognized (Dale and Hulsman 1990). Provost stated that OMWM is likely to improve
salt marsh wildlife productivity by increasing tidal flows, which increase fiddler crab

populations and short-form salt marsh cord grass (Spartina alterniflora) stem biomass

(Provost 1977). The ability of the tide to move over the marsh becomes an important
field objective of OMWM. Mosquito managemem becomes long-term, and reduces the

public’s concern about insecticides by eliminating or reducing their use. Good OMWM

should provide quality mosquito comrol without harm to wildlife resources (Dale and
Hulsman 1990).
The marshes along the East Coast of the United States are seen as basically

similar, and studies of OMWM projects in eastem states are useful to other states. Most
states have found that OMWM is a better investment than chemical spraying or

larviciding. OMWM is initially more expensive, with the purchasing and maimenance of
the equipment and the labor, but the projects pay for themselves within 5-7 years (Wolfe

1996).
Most long-term studies have noted that the effects of OMWM projects can be
expected to last approximately 10 years (Wolfe 1996). In a study done in Delaware,
Wolfe states the OMWM project paid for itself in five years (Wolfe 1992). This was
done by comparing the initial cost of the construction of the OMWM project, including

manpower hours, use of equipmem, and fractioning the cost of the equipment, compared
to applying larvicide to the marsh area four times during the summer. The studied

project was similar to the project at Waterford, as the Delaware marsh had small ponds

and new radial ditches installed, old grid ditches plugged, and old grid ditches renovated
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to allow free flow of tidal water. Among their results were that the large ponds (more

than 0.6 acres in size) were used more than the smaller ponds by most water birds (Wolfe

1992). The larger ponds, though, are often not practical or approved by reviewing
authorities, due to wetland regulations that encourage minimal impacts upon the marshes.

In addition, one of the objectives of OMWM is to cause little impact upon the marshes
(Capotosto 1987)

Many studies done in East Coast states have shown that OMWM projects are
conducive to supporting wildlife and reducing mosquito-breeding habitat (Dale and

Hulsman 1990). Boyes and Capotosto found that during the first summer after an

OMWM project in Rhode Island, the need to use larvicides was completely eliminated

(Wolfe 1996). Similar results, of between 90-100% effectiveness in eliminating the need
to use larvicides, were found in Delaware, Maryland, Massachusetts, New Jersey, and

North Carolina (Wolfe 1996).

Ferrigno found that OMWM should reduce mosquito breeding by 95% or more
for at least five years. This is much longer than the single week of effectiveness for

larvicides, and a few hours to a maximum of two days of effectiveness for adulticides

(Femgno 1970).

An OMWM project should show changes in the vegetation of the marsh, as the
tidal flows change. Many marsh plants thrive based upon the tidal flows and amount of

salt in the water (salinity).
Marsh plants are excellent indicators of mosquito breeding areas. The high marsh
that is flooded by storms or monthly high tides (preferred breeding areas of Oc.

sollicitans) tend to be dominated by salt meadow cord-grass or salt marsh hay (S. patens),
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short-form salt marsh cord-grass (S. alterniflora), salt grass (D. spicata) and blackgrass

(J. gerard#) (Warren and Fell 1995). The changes in plant growth after OMWM projects
tend to be seen over a period of at least two years. Studies have found short-form salt
marsh cord grass and jointed glasswort (Salicornia europaea) declined after OMWM
projects, theoretically due to increased tidal circulation and the removal of stagnant

surface water. Oftentimes, tall salt marsh cord grass develops on the edges of the new
ditches (Dale, et al. 1993).

A result of a successful OMWM project is an increase in fish populations in the
ponds and ditches. The fish travel into the marsh with the tides, and as the tides recede,
the fish are able to survive because they have enough dissolved oxygen in the water

(Rose 2001). Before the OMWM projects, many of the old grid ditches in Connecticut
had collapsed, and the fish were either blocked from entering the ditches, or the fish that
were able to enter with the full moon high tide, survived for only a short period of time.

A blocked ditch will either dry-up or the trapped water will lose its oxygen as it will not
be exposed to tidal flows again for weeks. Therefore, the larvivorous fish are blocked
from reaching the larvae or succumb due to the lack of oxygen (Rose 2001).

Successful OMWM projects should create ponds deep enough to ensure adequate
dissolved oxygen for the survival of predatory fish between tidal marshes. Connecticut’s

OMWM projects include digging sumps, or deeper centers, of the ponds to ensure this
occurs.
The abundance of fish is also related to the salinity of the water and seasonality.

In higher salinity marshes, Sheephead minnow (Cyprinodon variegates) and
mummichogs (Fundus heteroclitus) are common in ponds and ditches after OMWM
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projects, as are spotkin killifish (F. luciae). Mosquitofish (Gambusia holbrooki) will also

appear (Wolfe 1996). Mummichogs and mosquitofish prefer water salinity levels below
30 parts/thousand parts / thousand (ppt). Mosquitofish can grow up to 2 inches, and are

commonly used to control pests. They eat the larvae as they float on the surface of the
water, but they will also eat other fish eggs and other fish. Mosquito fish will eat

mosquito larvae and eggs, but will not eat them exclusively. They will eat larvae, but
will also eat other organisms, leaving some larvae to grow (Minor 2001). ThereIbre,

according to Mark Blackmore of Valdosta State University and a member of the
American Mosquito Control Association, a complete mosquito control program includes

larviciding, adulticiding (if necessary), and public education (Minor 2001).
Mummichogs will also be found in fresh water. Their populations increase in

lower salinities, as in brackish marshes.

As salinity in the marsh decreases below 0.5 ppt, plants become distinctive. For
example, there are 100 types of plants in Connecticut’s freshwater marshes, 36 kinds in
brackish water and 17 kinds in salt marshes. This is primarily due to salt stress, and the
tidal action that serves to help move nutrients and oxygen in the marsh (Warren and Fell

1995).
A dissolved oxygen level of 3 milligrams per liter (mg/l) or above is supportive of
marine life. When concentrations fall below 2 mg/1, fish health becomes stressed.

Hypoxia impairs the feeding, growth and reproduction of aquatic life. In the Long Island

Sound, hypoxia is usually due to the increased nitrogen levels, mainly due to sewage
treatment plants. Within the marshes, hypoxia is due to poor drainage of tidal pools. The

lack of tidal flow leaves stagnant pools of salt water in the high marsh after full moon
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tides, and the oxygen is quickly used by the fish and invertebrates that enter the pools
with the tide. Within one week, the oxygen levels are reduced to levels below that which

can support aquatic life (Boyes 1998). In Connecticut, hypoxia in the Long Island Sound

is usually the worst from mid-July through September, the period during which abundant
broods of salt marsh mosquitoes are most common (EPA 2001).

Crustaceans in the subclass Copepods are usually found in aquatic habitats, and
can be numerous in areas with mosquito larvae. Copepods serve as intermediate or

alternative hosts for organisms that are parasitic to mosquitoes, such as fungi. Also,

several copepods are predatory on first-instar mosquito larvae (Nasci, et al. 1987).

Spoils, the soil that is left-over after the ditches and ponds are dug, from OMWM
projects are usually used as plugs for ditches as part of the project, or smoothed to

become even with the original elevation of the marsh. In these spoils, jointed glasswort
is often seen as the first plant in newly opened sites. It also appears in the tracks left by

the low-ground pressure backhoe used for excavation (Provost 1977). This was noted in
the Waterford project, especially at Site #2. Other glassworts, such as dwarf glasswort

(S. b igeloviO and woody glasswort (S. virgmica), are also often seen (Niering and
Olmstead, eds. 1979).
Fresh spoil piles have a thin biomat layer that attracts shore birds, for foraging

and nesting sites (Shisler 1985). Other studies have found that during the first two years

after an OMWM project, passerine bird populations often decrease, maybe due to the

changes in vegetation, and then rebound to previous levels (Wolfe 1996).
The ponds created by OMWM projects tend to attract ducks and migrating

waterfowl. The ponds provide feeding and resting places, and are good sources of fish.
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Some studies have shown that there is an increase in wildlife in the marsh after OMWM
projects (Dale and Hutsman 1990). Wolfe has stated that the increase in bird populations

may attract foxes and other predators (Wolfe 1996). Lesser found no changes in
temperature, salinity and dissolved oxygen at three different treatment sites, except the

closed OMWM systems had dissolved oxygen levels 0-0.5 ppt due to high biological
oxygen demand (BOD). This is commonly seen in the first year after the OMWM
project, as the soil’s new biomats change and require more oxygen (Lesser, et al. 1976).

It appears that OMWM has no detrimental long-term impact on water quality.
Fish populations increase, thereby giving biological control of mosquito breeding (Wolfe

1996).
There is not much information on other countries using OMWM. Much data goes
unpublished, and there appears to be a need for a worldwide database.

OMWM should be customized to the area being treated: Climate, habitat type
and size, targeted mosquito species, flora and fauna, tidal characteristics, substrate, and
its ecology should be taken into account. It is a concept with a primary goal to control

mosquitoes without adversely affecting the marsh habitat. It is designed to be compatible
with nature, not to compete with it.

Description -of the P roject
The.. DEP performs wetlands, restoration, projects, throughout. Connecticut

renovating approximately 300 acres ofmarsh wetlands each year., .most.projects .being

larger that the one at Waterford Beach.
The Waterford Town Beach encompasses 96 1/2 acres, most of which includes

buildings, lawns and a sandy beach for recreational uses. The application for the
Waterford Town Beach project by the DEP’s Mosquitoes Management Program began in
1996 with a plan submitted to the U.S. Army Corp of Engineers for review. The project

was partially funded by the United States Department of the Interior, Fisheries and

Wildlife Division, and personnel from that department were also involved in the review.

After approval from the State of Connecticut Office of Long Island Sound Programs was
received on December 26, 2000, the Army Corp of Engineers subsequently approved the

project-onMarch. 8, 2001.. The site work took place onMay 21., 22, 23, 24., and.30, 2001..

Figure 2 .is .a .map ofthe .site ar,d the .sample. points. Site work was .accomplished by the
use of a low ground-pressure excavator. This specially designed piece of machinery
exerts less than two pounds .per square inch of.pressure on the marsh, minimizing its

impact on the ground surface.
The sampling sites for this thesis were defined during the summer of 2000. The
sites were chosen based on the variations in the excavation work that was planned for the
site. Table 1 illustrates the differences in the sample sites.
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Table 1 Description of Sample Sites
Site #3

Description

Site # 1

Site #2

Intervention

Pond

Pond

Pond

Weekly

Weekly

Weekly

Larvicide Applications

Size

29 feet

16 feet

by

by
6.5 feet

22 feet

42 feet
by
23 feet

Site #4

Site #5

Connected
Trench

None

Every Weekly
10 Days
20
inches

by
18
inches

deep.

14
inches

by
9 inches

deep

Sample Site # 1 was a newly excavated pond, 1 foot deep with a 2-foot deep sump
in the middle. It measured 29 feet by 22 feet. It was not connected to Alewife Cove. For

vegetation, a few sprigs of common reed (Phragmites austraulis) were 30 feet from the

sample site. Salt marsh hay grew directly in the sample area. Short-form salt marsh cord

grass grew nearby in pockets, stunted due to the lack of flushing in low tides. Glasswort
was scattered throughout. Sample Site # 1 was 16 feet from the edge of the upper marsh

area.

Sample Site #2 was an existing small pond 16 feet by 6.5 feet that was reexcavated, with its size not changing notably. It was 18 inches deep. The renovation
included new trenches connecting this pond with a new one just north of it, and trenches

leading to a tiny pond and a dead end trench towards Alewife Cove. It did not connect
with Alewife Cove. The trenches were 20 inches wide and 2 feet deep. Nearby vegetation

was dominated by short-form salt marsh cord-grass, with scattered glasswort surrounding
occasional pockets of salt grass and salt marsh hay. The test site was 11 feet to the
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nearest established common reed, which grew with marsh elder (lvafrutescens). Before

the restoration work, the pond was usually covered by thick algae.

Sample Site #3 was a newly created pond, 42 feet by 23 feet. It was 9 inches deep
and graded to 16 inches deep in the middle. It did not have any radial ditches. It was in a
vast area that historically bred huge broods of salt marsh mosquitoes. Four other small

ponds, along with radial trenches and renovated trenches, were created at this large site.
The vegetation was dominated by stunted cord-grass, including immediately around the

pond. The whole area was dominated by a mixture of salt grass, salt marsh hay and cord
grass, with marsh elder growing in the higher elevations. There were occasional plants of
glasswort 20-30 feet north of the pond, grading to the high marsh flora of marsh elder and
common reeds.

Sample Site #4 was a renovated ditch on a marsh owned by the State of
Connecticut. It was connected to other newly renovated ditches that led to the Long

Island Sound. It was 20 inches wide and 18 inches deep. Salt marsh hay grew
immediately around the sample site, and throughout the whole area. There was also
stunted cord-grass to the south. Common reeds and marsh elder grew 23 feet north of the
sampling site.

Sample Site #4, because it was owned by the State of Connecticut, was not part of
the Town of Waterford’s Salt Marsh Mosquito Control Program, and therefore did not
receive weekly monitoring and larviciding treataaaents as the other sites did. Staff of the

DEP larvicided Site #4 with Bti every 10 days, from Memorial Day through Labor Day.
Sample Site #5 was the control site. It was not part of the DEP project, and was
not disturbed during the 3 years of monitoring. It was a large area of middle marsh that
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heavily bred salt marsh mosquitoes. It was part of the Town’s mosquito management

program and received weekly assessments and larviciding treatments, as required. The
sampling point was along a partially collapsed ditch that was dug during the late 1930’s
as part of the Works Progress Administration (WPA) marsh work within the town. The

trench was 14 inches wide and 9 inches deep. The bottom was very silty. The ditch lay
on the west edge of a circular marsh area, surrounded by common reeds, which grew

immediately west of the ditch site. Stunted short cord grass was present along the ditch

edge as well. Salt marsh hay mixed with short cord grass and common reeds grew
throughout the whole site.

Two more sample sites in Alewife Cove and Jordan Cove were added in 2001, to
provide background information on the dissolved oxygen, water temperature and salinity
levels of the Long Island Sound.

A small freshwater pond was also added as an extra sampling point in the 2002
season, to provide background information on freshwater mosquito breeding.
Unfortunately, due to the drought of 2002, this freshwater pond dried-up after June, and
did not provide weekly data.

In total, the OMWM project included excavating approximately 1,090 cubic yards
of material to create 18 small (0.0 I-0.05 acre) ponds, placing 65 cubic yards ofthe

excavated material in old grid ditches and in depressions, and spreading the remaining
portion of excavated material thinly on the marsh surface to a depth of 2-4 inches

landward of the high tide line.
The Town of Waterford employed a professional mosquito control

company on a contractual basis to treat the salt-water marshes of the town with the
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larvicide Bti from April 1 through September 30. The comracts began in 1995, and
continued throughout this study. Therefore, the amount of larvicide (used as a dependent

factor in the study) was difficult to define. The company personnel assessed and applied
larvicide to the sites weekly. Their monthly reports of the amounts of larvicides used did
not define if the larvicides were being placed in the new ponds and ditches. In verbal

communication with company personnel, we found that the newly renovated ponds and

ditches themselves no longer bred mosquitoes, but the pannes around them continued to

do so. Therefore, they continued to apply Bti.

As the number of mosquitoes was difficult to measure, intervening variables were
defined in order to find if the OMWM project was effective. Figure 1 shows the various

factors influencing the desired outcome of this OMWM and public health project:
Lowered. risk of mosquito-borne illnesses. The chosen engineering controls of an

OMWM project and its longevity of effectiveness are designed to control mosquitoes
through biological methods, namely supporting fish life and tidal flushing within the
marsh. The intervening variables measured in this study gave information on the amount

of marine life and tidal flows at the sample sites.
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Figure 1 -Diagram of Project Description

Chosen Engineering Controls

Longevity of Controls

(OMWM)
Other Uncontrolled
Environmental Factors

Intervening
variables

Less Mosquitoes

LowereRis

k’ of

Disease

Environmental
Stability

At each sample site the following observations (intervening variables) were made:
The water depth (in inches), water temperature (in Celsius), dissolved oxygen of the
water (mg/1), salinity of the water (in parts per thousand [ppt]), number and species of
birds seen upon entering the site, number and species of fish at the site, amount of
larvicide being used at the site by the private company contracted by the town, amount of

larvae and pupae seen in shallow depressions at the site, and a 5-minute count of
mosquitoes landing on a human standing still. These variables were chosen because they

had been used in past studies to measure the outcomes of OMWM projects. The tide

(incoming or outgoing) at the time the data were collected, lunar phase, weekly rain

(measured in inches), air temperature (in Celsius scale), and weather conditions were also
noted.

As Figure 1 illustrates, there were uncontrollable environmental factors affecting
the imervening variables. These included the weather, changes in the estuary and its
inhabitants, and background levels of the Long Island Sound (salinity, dissolved oxygen

and temperature). Other factors were the effectiveness of town’s privately contracted
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mosquito control company in controlling the mosquito breeding with the use of Bti
larvicide, the accuracy of the monitoring equipment, the amount of mosquito breeding in

nearby areas (influencing the 5-minute landing count), background noise (influencing the
bird and possibly the fish populations), and any recent use of the marsh by mammalian

species (attracting female mosquitoes seeking blood meals, and also affecting the 5minute landing count).

All of the environmental fhctors, whether controlled by mankind or not,
influenced the stability ofthe marsh environmem. Its water quality, plant life and animal

populations, although not directly related to amount of mosquito breeding (except for the

number of fish), were indications of a thriving estual3’.

Methodology
Data were collected weekly from August 8 to October 13, 2000, June 15 to
October 2, 2001 and from May 9 to September 20, 2002. The range of sampling dates
varied during the three years due to the availability of the researcher.

The sites were always monitored in numerical order, from Site # 1 through Site #5.

Outerwear included a baseball cap, a light-colored short-sleeved tee shirt, long blue jeans,
and heavy rubber boots extending to the knees. Insect repellents or perfumes were not

used.

A Cooper digital thermometer was used to measure the air temperature for the
day at the beginning of the monitoring, at Site # 1. Any changes in the air temperature

during the data collection were noted. Tides and lunar phases were obtained from the
local newspaper, The Day, published in neighboring New London, Connecticut. The
water temperature and salinity were measured with the YSI Model 30(R), and the dissolved
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oxygen (DO) levels were measured with Taylor(R) field DO test kit K-1588 during 2000
and 2001. A field monitor YS/Model 85(R) was used to measure DO, salinity, and water

temperature in 2002. Both YS1 models were standardized before each use, and showed at
least 99.6% corrected adjustment, according to each model’s user’s guide. The readings

of the Taylor kit and the YSI DO model were not compared side-by-side in the field.
When the YSt model began to be used, it was apparent that the Taylor kit’s results had
been unusually low.
The bird population was measured by the number and species of birds in the

sample site area upon entering it. The fish population was measured by counting the fish
in the pond (Sites # 1 and 3) or trench (Sites # 2, 4 and 5) immediately upon entering the

site, as the fish would dive to the bottom of the pond or trench as a natural defense
against predators and could not be seen thereafter during the monitoring visit. A fish net

at the end of a 6-ft pole was also dragged through a pond while walking along its edge or

through 30 feet of trench, depending upon the site being visited, to note the species
present.
The amount of mosquito larvae and larvicide (Bti) present were measured by

randomly sampling five shallow depressions immediately around the pond or trench.
With the use of a dipper cup, mosquito larvae/pupae populations were visually coumed

and defined by four categories: nil (0), light (1-10), moderate (10-50), and heavy (more
than 50). The amount of Bti pellets was also measured with the use of a mosquito dipper

cup, and the quantity of pellets was visually categorized in 4 classes: nil (0), light (1-10),
moderate (10-50), and heavy (more than 50).
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The 5-minute landing count was determined by the researcher standing stationary
for 5 minutes at the sample site, and counting the number of mosquitoes landing on the

human body.

Results
The primary goals of Open Marsh Water Management are to comrol salt marsh

mosquito breeding without adversely affecting the ecology of the marsh. OMWM

employs techniques that support the flow of tidal waters in estuarine environments. This
flow.prevents the forming of stagnant pools of water that attract the breeding of
mosquitoes. Along with a lesser number of stagnam pools, the ponds and ditches created
in OMWM projects support fish, birds and other animal life that are part of a healthy

marsh environment (Capotosto 1987).

The goals of OMWM were incorporated into the hypotheses of this study. The

primary hypothesis was: The OMWM methods used by the Connecticut DEP at the

Waterford Town Beach were effective in the control of breeding of salt marsh
mosquitoes. A lower number of mosquitoes led to a lessened risk of mosquito-borne
disease. In order to measure the hypothesis, secondary hypotheses were defined:

OMWM will improve the conditions of the marsh that support biological mosquito
control, such as larvivorous fish and birds. This was measured by the imervening
variables of water temperature, dissolved oxygen, water depth, and salinity. The amount

of mosquito larvae, the amount of larvicide being placed by the town’s mosquito control

company personnel and 5-minute landing counts were monitored in order to gather more
direct information on the amount of mosquitoes breeding at the sites. Although data were

collected during three summer seasons, one before the OMWM project, and for two years
following, the only full months during which data was collected during the three years
were August and September. Therefore, the results of those months will be compared.

Each parameter was compared to itself before and after the OMWM project took place in
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May 2001, and then compared to the control site (Site #5). Table 2 contains all of the
data collected during the study. The average monthly monitoring results are listed in

Table 3.
The water temperature at the sites did not noticeably change during August or

September after the OMWM project. When the average water temperatures of these
months were added and compared, a significant change was also not seen. When taking
the average water temperatures of the tbur study sites each year and compared them to

the control site (Site #5), no changes in the water temperatures were noted. The average
water temperatures at the intervention sites (Sites # 1-4) versus the control site were 24.7

,

,

vs. 24.6 24 vs. 24.7 and 23.9C vs. 23.8C during 2000, 2001 and 2002, respectively.

These results are shown in Table 4.
The dissolved oxygen in water was a direct indicator of the ability ofthe water to

support marine life. It gave an indication of the marsh’s ability to support larvae-eating
fish, as they need a DO level of at least 3 mg/1 in order to survive. The dissolved oxygen

(DO) levels were not comparable during the study, due to the change in the apparatus
used to measure this parameter, and a question of whether the unusually low readings
obtained during 2000 and 2001 were accurate. Table 5 shows the results of August and

September of 2000, 2001 and 2002.
Calculations of the monthly averages, the two months’ combined averages, and a

comparison of the intervention sites to the control site were performed. The data showed
an increase in dissolved oxygen levels in 2002, but not during 2001, the first season after

the OMWM project. A different, and believed to be a more accurate DO field machine
was used in 2002, and the probable cause of the increase in the results. An increase in DO
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levels was also found at the control site. The 2002 results were consistent with

background levels of the Long Island Sound at Alewife Cove and Jordan Cove
(maintained by the Office of the Long Island Sound) (EPA 2001).

In August 2000, the average DO levels at Sites #3 and #5 were 9.1 and 7.4,
respectively. Although these results could be expected for the marsh, they were higher

than what had been usually detected by the Taylor field kit. It was during this momh
that a water sample was taken to a private laboratory to check the accuracy of the field
kit, and the increased average monthly levels may reflect those lab results. Why these
increased readings from the laboratory did not affect the monthly averages of the other

sites in the same way is not known.

Water depth indicates the ability of the trench or pond to support marine life.
Shallow puddles and depressions in the marsh tend to lose dissolved oxygen quickly, and
therefore do not support marine life. A lack of water depth also indicates poor tidal flow.
These areas become major breeding sites for mosquitoes. In OMWM projects, water

depth provides information on the tidal flow in the ponds and trenches.
The water depth at Sites # 1, 3 and 4 increased after the OMWM project. The
water depth at Site #2 was higher in 2000 than in the other years (See Table 6). On

average, the water was deeper at the intervention sites (8.5, 9.5 and 6.9 inches,
respectively, in 2000, 2001 and 2002) than at the control site (5, 7.9 and 5.1 inches,
respectively) during all three years of monitoring, even before the OMWM project
occurred. The readings at Site #2 could have caused the average momhly results to be

higher during 2000.
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Birds are part of the flora of a marsh. In past studies, some researchers have

noted an increase in the presence of birds after an OMWM takes place. In this study,

more birds were seen at each of the intervention sample sites during 2001 and 2002.

Table 7 shows the average monthly monitoring results. Control Site #5, though, had its
highest bird population (4) during August 2000. When calculating the average number of
birds at the sites for 2000, the number of birds at Site #5 was higher than the other sites.

Because the numbers are low, one reading could greatly affect comparisons among the
sites. Interestingly, the intervention sites all had more birds in 2002, and the control site
did not (6, 7, 3 and 5 at Sites # 1-4, respectively, vs. 1 bird at Site #5).

The number of fish seen at the sites indicated the pond or trench had enough tidal
flow and dissolved oxygen to support marine life. Fish are a major predator of mosquito

larvae, and a main part of biological mosquito comrol. Because fish have a defensive
reaction to rapidly swim to the bottom of the pond of trench when they sense

someone/something nearby, it was difficult to count fish quickly enough before they
disappeared from sight. Therefore, the fish counts were estimated.
Table 8 shows that the number of fish at all of the sites, including the control site,
increased after the OMWM project occurred. In August 2002, all sites had an average of
50 fish. During September of 2001 and 2002, all of the imervention sites had an average

of 50 fish at them, but the control site averaged only 3 and 7 fish, respectively, during
those months. Before the OMWM project took place, fish counts were zero or one at the
sites.

Salinity is an indicator of the tidal flushing occurring in the marsh. Adequate
tidal flow prevents mosquito breeding by preventing stagnant pools of water. It is
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expected that salinity would slightly decrease with the improved tidal flow after an

OMWM project. In contrast, it is expected that the control site would have higher
salinity levels because of its stagnant water. In this research, no apparent differences were
seen in salinity levels at the intervention sites before and after the OMWM project

occurred (See Table 9).
When compared to 2000, there were slight increases in water salinity at Sites # 1-3
during 2001 and 2002, and the control Site #5 also showed a small increase. Site #4

showed a lower average salinity level in 2001 (25.1 parts per thousand [ppt] in 2001 vs.
26.4 ppt in 2000). The averages levels of water salinity at the intervention sites were

slightly higher than the control site during the three years. In 2000, Site # 1-4 averaged
25.6 ppt, and Site #5 averaged 20.9. In 2001, Sites # 1-4 averaged 29.6 ppt, while Site #5

averaged 26.8 ppt. In 2002, Sites # 1-4 were 29.2 ppt, and Site #5 was 26.9 ppt.
The amount of mosquito larvae visually seen with five random dipper cup

samples at each site gave a direct indication of the mosquito breeding taking place in the
marshes. This was a difficult parameter to measure, as the town’s mosquito control

company continued to apply Bti larvicide to the sites throughout the three years of this
study. In discussions with the town’s mosquito control company, it was agreed that no

mosquito breeding was found in the renovated and newly created ponds and trenches.
The mosquito breeding was found, and so noted with the dipper cup coums, in the low

marsh areas around the ponds and trenches.
Table 10 shows no consistent changes in mosquito breeding at the sites. In

August 2002, there was moderate mosquito breeding at all of the sites, except Site #4 that
had light numbers of larvae (10). There were less mosquito larvae seen during
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September than August in all three years at Sites # 1-4. Site #5 had moderate amounts of
larvae in 2000 and 2002, with light breeding in 2001. When comparing the average

larvae counts at the intervention sites versus the control site, the control site had slightly
more mosquito breeding in 2000 (30 vs. 27.5, respectively), but had less in 2001 (10 vs.

22.5, respectively). In 2002, the control site had moderate breeding, while the
intervention sites had approximately half as much (50 vs. 22.5, respectively).

The amount ofBti larvicide being applied by the town’s mosquito control

company was visually assessed by five random dipper cup samples taken at each site.

For charting purposes, the descriptive values of nil, light, moderate, and heavy were
changed to numeric values of 0, 10, 50 and 75 pellets of Bti, respectively. This parameter
is closely related to the amount of mosquito larvae seen at the sites; the more breeding,

the more larvicide will be applied. In effect, if the Bti larvicide is controlling the
mosquito breeding, there will be less mosquito larvae present. The monthly averages are

noted in Table 11.
There was no decrease in the amount of larvicide seen at the sites during the three

years. In 2002, there were heavy amounts of larvicide applied to the sites, except at Site
#4 that had light amounts of Bti applied to it. Site #4 was owned by the Connecticut

DEP, and was treated with Bti every 10 days, as opposed to the other sites, which were
treated every 7 days.

In comparing the average amounts of larvicide applied, the control site had more
Bti found at it than the other sites, including before the OMWM intervention.

Five-minute landing counts were conducted at each site. This parameter gave an

indication of the number of adult female mosquitoes in the area. Table 12 shows that
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there was not a decrease in the number of landing counts after the OMWM project. In

August of 2000 and 2001, there were higher landing counts. In September of all three
years, the counts were relatively low. Cool weather may have caused this. The highest
landing count was at Site #5 in August of 2000 (21). In comparing the averages during
the three years, the control site was consistently higher. In 2000, it had an average

landing count of 24 versus 6.5 at the other sites. In 2001, it had 9 vs. 4.8 at the
intervention sites. In 2002, the average landing count at Site #5 was 11, compared to 6 at

the other sites.

Discussio n
The .sites .chosen were near recreational picnic and sandy beach areas. The area had
a great potential to breed mosquitoes and xvas frequently used by humans. Sites # 1-3

were immediately adjacent to picnic areas and the Town’s sandy beach. Site #4, owned

by the State of Connecticut, was in near proximity to cabins seasonally inhabited by
physically and mentally disabled campers.
The temperature of the water at the sample site gave an indication ofthe amount

of tidal flow. Better tidal flow results in lowered water temperatures in the marsh,

compared to when the marsh is full of stagnant pools of water. The water temperatures at
the renovated sites did not significantly change during the three years of the study. The
water temperatures at the sites did appear to fluctuate together (See Table 4). These

results could be due to uncontrollable environmental factors within the marsh, such as the
weather and the background temperatures of the Long Island Sound at Alewife Cove and
Jordan Cove (See Table 2).

The dissolved oxygen was the most difficult parameter to measure, and the most

time-consuming. During the first two years of the study, the Taylor DO kit was used.
The kit had two drawbacks. First, it did not adjust for salinity. It was unclear if this

affected the results. Secondly, there were nine steps to obtaining the final measurement,
and the slightest air bubble in the sample bottle could have skewed the results. There was
a great potential for human error.

Once during the summers of 2000 and 2001, the DO measurements were
conducted by a privately owned, state-approved local laboratory, Niantic Envirolab. This
was done to check the accuracy of the field readings. Especially during the summer of
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2001, the field readings were consistently low. In comparison, the readings from the

laboratory were higher than the levels obtained with the field kit. In discussing the

problem with Roger Wolfe, one of my field advisors at the Connecticut DEP, it was
agreed this parameter should continue to be measured, even if the results would not be

comparable year-to-year. Therefore in 2002, a field monitor YSI Model 85(R) was used to
measure DO, salinity, and water temperature.

All of the sites, including the control site, had higher readings of DO in 2002.
This could have been due to several possible factors. The YSI field model could have

been more accurate than the Taylor kit. Each field kit could have been equally

accurate, and the DO levels may have been higher in 2002. Possibly, all of the monitors
were inaccurate. More seasons of data collection are needed to conclude what caused the

differences in the results.
The water depth was an indicator ofthe ability of the trench or pond to support

marine life. It can be expected that the intervention sites would be deeper than the control
site after the construction of the trenches and ponds. In review of the data, sample Site #2

was deeper in 2000 than in 2001 and 2002. This was probably due to the site receiving

peak tidal flows at the time data were collected during August and September of 2000.

Its results likely caused the average water depth to be higher at the intervention sites than
at the control site during all three years, including before the OMWM project occurred.

The drought during the summer of 2002 caused the freshwater pond site, being
used to provide background information of freshwater mosquitoes, to dry-up after June.

Although a sample site was lost, it gave information on what was occurring to freshwater
mosquitoes. Many of the inland breeding sites throughout the town dried-up during that
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summer. Some fish died at Site #3 in August 2002, also probably due to the drought.

Often at low tide, fish were found congregating in the deep center of the renovated pond,
demonstrating the basis for digging the middle of OMWM ponds deeper.

Although the OMWM sites had more birds, including egrets and herons, during

August and September, combined, in 2001 and 2002 than in 2000, the reasons for this are
not clear. It cannot be concluded that it was due to the OMWM project. Many other

thctors, such as the weather, the local avian population, migratory habits, increased
sources of food, nesting habitats, and noise could account of the changes in the numbers
of birds seen at the time of sampling.

At all of the renovated sites, fish clearly increased in numbers. Fish were rarely
seen at the sites before the OMWM project took place, but mummichugs and

mosquitofish were seen in schools of 50 or more consistently at Sites # 1-4 atler the
project. At the undisturbed Site #5, fish were only found in moderate numbers (50) once
during 2002. During all other times, fish were seen in sporadically and in low numbers at
Site #5. On two occasions, crabs (Uca sp.) were seen at Site #2 in 2001 and 2002. This

appeared to indicate that the OMWM project had enhanced the fish habitat of the marsh.
Salinity is an indicator of tidal flushing. In marshes with adequate tidal flow, the

salinity is expected to be consistent between tides, with not much variation with lunar

phases. This would indicate freely flowing salt water and minimal stagnancy. Salinity
levels could also be affected by rainfall and the influx of a freshwater source. On average
during 2000, 2001 and 2002, the salinity did not consistently change at each site. All of
the sites, including the control site, varied little from week to week. The intervention sites
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had insignificam, slightly higher average salinity levels than the control site during each

year. More data is needed in order to conclude if the sites had adequate tidal flushing.
Mosquito larvae counts at the sampling sites indicated that mosquitoes cominued
to breed after the OMWM project, although not in the trenches and ponds themselves.

The low marshes continued to be breeding sites after being flooded by high tides. These
results should be cautiously interpreted, as many uncontrollable factors could have

aftcted them. The eftctiveness of the Bti larvicide used by the mosquito control

company, the lunar phases, the tidal flows, and the efficiency of the mosquito control
company personnel cold influence the results. The increase in breeding during 2002 at
all of the sites except #4 could indicate an overall productive year for mosquitoes to
breed.
Site #4 was treated with larvicide every 10 days, while the other sites were treated

weekly. After the OMWM project was completed, Site #4 became directly connected to
a larger ditch that led to the Long Island Sound. It received ample tidal flows. It also had

the lowest amounts of mosquito larvae seen at any of the sites during 2002. This
illustrated how important tidal flow was in the control of mosquito breeding in the marsh.

Of note, an old collapsed trench at Site #3 that had been a former breeding site of

Oc. cantator and Oc. sollicitans was filled-in with spoils during the OMWM
construction. It was no longer a breeding site after the project.

The amount of larvicide being used was difficult to measure. Observations were
made by using a mosquito dipper cup and randomly checking five spots at each site.

There was no consistent change in the amounts of Bti larvicide used at the sites

throughout the three years of study. Despite the drought during 2002, there appeared to
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be moderate mosquito breeding and larvicides at the sites. As with the mosquito larvae
counts, Site #4 had less amounts of Bti larvicide seen. It appeared that even though it was

treated less frequently than the other sites, the amount of mosquito breeding was also
less. Tidal flows within the site’s trench may have been a major factor.

Control Site #5 had more larvicide applied to it on average than the other sites

during all three years. This indicated that the site itself was a major mosquito breeding

area, and required consistent larvicidal treatments. The 5-minute landing counts did not
decrease at the intervention sites after the OMWM project occurred. An average, the
control site had higher landing counts than the intervention sites during all three years. In

general, the counts were low; the highest average count was 24 at the control site in 2000.
The landing count results could have been due to uncomrollable factors, such as the

weather, the amount of mosquito breeding nearby and recent mammals within the site
(attracting more mosquitoes).

As part of environmental health, public health professionals must consider the
health of the environment. If our only goal were to eliminate mosquito-breeding places
without regard to the environmental impacts of our programs, marsh renovation would be
similar to that which took place almost 100 years ago. Extensive grid ditching could be

performed again, but with a questionable negative impact upon the marsh as the ground
water table would drop significantly. The goals of environmental health programs today

require the consideration of approaches that control the spread of communicable disease,
with minimal impact upon, and hopefully with the enhancement of, the flora ofthe
environment and non-targeted species.
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Measurements of some of the parameters were subjective or dependent upon the
skill of the researcher, including the number of birds, fish, larvae and pupae, and the

amount of larvicide. The method of approaching a site, walking a site, and using a

mosquito dipper cup affected these results. Another researcher could have gotten
different results.

Limitations
This was not a controlled experiment, and uncontrollable environmental factors

made an impact upon the data. It was difficult to distinguish as to whether the results

were due to the engineering controls (i.e. the OMWM methods) or the natural changes in
the estuarine flora.

Data needs to be collected during additional mosquito breeding seasons in order
to better define these influential factors. It would be advantageous to know if any

improved water quality was due to the OMWM methods.
This study was limited in time and the number ofthe sample sites.

The results

were based upon monitoring three ponds and two trenches during three mosquito

breeding seasons. Additional seasons of data collection, and additional control and
intervention sites would be necessary to make conclusions that are more definitive.

Future studies could be improved by having more sites, additional imervention
sites and a control site immediately adjacent to each intervention site. The sites could

potentially be more similar, to strive to control for confounders that likely affected the
results here. The best control sites would have comparable intervening variables, i.e.
dissolved oxygen, salinity and the amount of mosquito breeding, as the intervemion sites

before the Open Marsh Water Management project was constructed.
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One of the more frustrating monitoring experiences was the need to change
dissolved oxygen meters during this study. It is advantageous for researchers to begin
their studies with top-quality equipment that can be standardized in the field with every

use, and to continually use them throughout the length of data collection.

It is also important to be consistent in monitoring the data. There should be only
one researcher gathering the information week to week. This avoids any differences in

results that are subjective and partly dependent upon the researcher’s skills, i.e. mosquito

larvae dipper counts, and bird and fish counts. As done in this study, collecting the data
from the sites in the same consecutive order also allows for more consistency.
Overall, a longer period of monitoring is needed to control for confounders in this
type of research that involves dealing with conditions in nature. There are numerous
uncontrollable factors that may affect the results. With these aforementioned

improvements, this type of monitoring can be an effective means of studying human
interventions ofthe marsh environment.

Conclusions
One of the goals of OMWM is to control mosquito breeding while enhancing the
natural ecology of the marsh.
This study indicates that this DEP project supported the influx of fish at the sites,

enhancing the estuarine environment. The intervening variables were useful in assessing
the effectiveness of the OMWM project to meet its goals, although additional data needs
to be obtained during more mosquito breeding seasons. As part of an integrated pest

management program, OMWM appears to provide a useful natural means of controlling
mosquitoes, i.e. supporting fish life, without affecting non-targeted species.

During the three years of this study, there were no reported cases of Eastern
Equine Encephalomyelitis, St. Louis Encephalitis and other arboviral illnesses spread by

salt marsh mosquitoes (Rocque 2002). An absence of viruses in the mammalian
population does not indicate a lack of danger or susceptibility. Prevention programs

should be continued, as the risk is still present.

As Wolfe has previously concluded, research on OMWM needs to extend over
several years, especially when studying how long OMWM projects are effective (Wolfe

1996). It is difficult to define the success of a project with just two years of follow-up
data. Additional years of monitoring are needed, and possibly at more sites.
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